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Physical and Chemical Properties of Soil 
Profiles of the Scott, Fillmore, Butler, 
Crete, and Hastings Series 
Henry W. Smith and H. F. Rhoades1 
DEPARTMENT OF AGRONOMY 
The Grundy series of Nebraska, as it was described by Hayes in 1927 ( 8), 
was confined to the nearly level uplands within an area totaling 4,000 square 
miles, in the southeastern and east central parts of the state. Flat relief was a 
dominant characteristic where the series was mapped. Hayes pointed out that 
the western and northern boundaries were indefinite, for in those regions 
Grundy soils graded into those of the Holdrege series. The eastern boundary 
was quite sharp, because of distinct changes in topography and soil-forming 
materials (loessial to glacial) . Soils in depressions and shallow basins, found 
within the areas of flat relief, were mapped as Scott. 
Chiefly on the basis of variations in the zone of maximum density of the 
Grundy soils, Hayes made tentative suggestions for revision : 
Where the material [in the zone of maximum density) is extremely dense 
and claypan-like it might, for instance, be correlated as brown claypan Grundy, 
and where it is decidedly less compact but still remains too dense for Holdrege 
or Marshall it might be called brown sohpan Grundy or correlated with a 
new series. The third variation differs from the brown claypan chiefly in its 
darker color, being very dark grayish-brown to almost black ... [It] might 
be classed as black claypan Grundy. 
The suggested differentiation of the brown softpan Grundy as a new series 
was accepted by federal officials; it was designated Hastings. This new series 
was recognized as occurring extensively in the region of transition between 
Holdrege soils on the west and Grundy ( claypan) soils on the east. Its local 
occurr.ence within the areas of Holdrege or Grundy was recognized. The 
upper subsoil layer of the Hastings profile is higher in clay content than the 
similar layer of a Holdrege profile, but it has not attained a claypan character. 
The reduction of the original Grundy area from 4,000 to 3,000 square 
miles, and the abandonment of Grundy as a series name in Nebraska, fol-
lowed later extensive work by Hayes and his co-workers (9 ) . They separated 
this claypan group into a "brown claypan Grundy," a "black claypan Grundy," 
and a granular phase of the latter. Subsequently the state and federal depart-
ments designated these as the Crete, Fillmore, and Butler series
1 Instructor and Assistant Professor , respectively, in the Department of Agronomy. The authors acknowl-
edge the assistance of Gera ld C. Gerloff and Robert K. Gerlo ff in the experimental work and in the tabula tion 
of data , a nd of the late Dr. F. A. Hayes, who sampled th ree of the profiles. 
2 Holdrege a nd Ma rshall soi ls are zonal soils, Holdrege in the Chernozem , Marshall in the Prairie region. 
Both have been developed from Pcorian loess. 
Ir is the opinion of the authors that on the older maps the Scott areas included soi ls which would 
now be mapped as Scott , Fillmo re, or Butler. Most of the soi ls of the Grundy areas would now be mapped 
as Has tings or Crete. T hus wha t is spoken of in the li terature as the revision of the Grundy series would 
be described more accurately as the revision of the Grundy and Sco tt series. Grundy as a series name, now 
applies to soils with a n upper subsoil which is heavy, but which is not a claypan. All hori zons merge i n 
color, texture, and consistency. The soil a nd the parent loess are thoroug hly leached of lime (JO) . These 
soi ls are chiefly in southern Iowa and no rthern Missouri. Some soi l areas in southeastern Nebraska are 
being mapped at the present time (1941) as types within the Grundy series. 
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The distribution of soils of these three series was discussed by Hayes.4 The 
Crete soils were said to occupy "very gently undulating to almost level sur-
faces" in the western one-third, while they occupied "strongly undulating and 
often moderately rolling surfaces" in the eastern part of the Grundy region. 
The Fillmore and Butler soils, in the western part, were described as usually 
being "in level basin-like depressions which range from a few square rods to 
several thousand acres" in extent. In the east, the Fillmore and the Butler 
soils "are not confined so persistently to depressions as farther west, but often 
occupy the more nearly level divides." Butler soils were said to be especially 
abundant in the southeastern part of the Grundy region. 
Crete and Fillmore first appeared as series names in published maps in the 
survey of Adams county ( 11 ). The Crete series, occupying 34.3 per cent of 
the total area, was described as occurring where the surface varied from "nearly 
level to gently undulating ... locally modified by shallow valleys, low, broad, 
flat-topped ridges, and slight depressions." This agrees well with Hayes's 
description of the Crete, previously quoted, as the series should occur in the 
western part of the Grundy area. The Fillmore series, occupying 1.0 per cent 
of the total acreage, was found in flat or depressed areas on the upland where 
drainage is poor." No Butler soils were mapped. The first appearance of 
Butler as a series name was in the map of Butler county. No Fillmore was 
mapped in that county. Since that time the Butler soils have been mapped 
in depressions as far west as Hayes, Frontier, and Furnas counties. The Fill-
more soils have been mapped in depressions as far west as Franklin county. 
As already mentioned, the Butler series was described by Hayes as not 
being confi ned to depressions, but rather as occupying the nearly level divides 
as well. During the course of the remapping of Cass county ( 1935-36) Butler 
was first mapped in strictly nondepression areas. The total Butler area mapped 
covered 2,560 acres, or 0.7 per cent of the county. Much more extensive areas 
of nondepression soils were later mapped as Butler in the resurvey of Lancaster 
county . Similar large areas have been recognized in Gage county by Hayes 
and others. These areas are on the loess-capped flats in the Drift Hill region. 
At the time of the revision of the Grundy group, Russel ( 15) reported in-
vestigations concerning profiles of the Crete, Fillmore, Scott, and Hastings 
series. H e reported data for plasticity number, hygroscopic coefficient, and 
clay and nitrogen contents, and concluded that "The character of the profiles 
as shown by these laboratory methods agrees with field observations." 
Brown, Rice, and Byers 4) have investigated the chemical and physical 
properties of soils of the Fillmore, Crete, and Hastings series. These investi-
gators pointed out the advantages of soil research in the area where these and 
related series are mapped, as follows: 
In southern Nebraska is an area which affo rds an excell ent fie ld fo r the 
stud y of changes in soil s brought abour by climatic conditions. This area, 
which extends east-west across the southern part of the state, is about 325 
miles long. The greater part of it is mantl ed with Peorian loess . From about 
the longitude of Lincoln to the west state line the loessial mantl e is almost 
continuous ... . Aside from some variations in its lime content the loessials ial 
material over this area is remarkabl y unifo rm in composition. Its surface , as 
In his article (9 ) Hayes referred to these soils as Grundy phases, since the series names were not yet 
approved ( 1928). The present seri es names w ill be used here. 
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a rule, is nea rl y level or ve ry gently rolling, although it is modified here and 
there by shallow basinlike depressions and is crossed by narrow strips of 
steeply sloping or rough and broken land along drainageways. 
The importance of this area as a field for soil stud y is owing to its large 
extent, to the uniformity of the parent soil material , and to the fact that com-
parable successions of drainage conditions occur throughout. It is believed that 
differences in the amount of soil moisture, whether directly derived from pre-
cipitation or increased or diminishing loca ll y by topographic features, account 
for the m ajor soil features in a given locality. 
5 
The Butler series, although studied extensively in the field, has been 
neglected in laboratory investigations. No quantitative data concerning the 
physical and chemical properties of Butler soils have been found in the litera-
ture. Laboratory data are needed for a more complete characterization of this 
series, particularly since Butler, as an intrazonal series, is being mapped 
throughout such a large area and under such diverse conditions of relief. 
For the studies reported here most of the samples were taken in the spring 
of 1940 from the walls of deep pits dug in areas previously selected by sur-
veyors and inspectors as type locations for the Butler series. To elucidate 
certain points, samples were taken from the upper part of several other pro-
files, also called Butler, the following year. In addition to this work on the 
characterization of the Butler series, further data have been collected concern-
ing soils of the Scott, Fillmore, Crete, and Hastings series. Profile samples 
were obtained from type locations of each of these series. The data from 
these samples, in combination with those previously published, make possible 
more detailed comparisons among these soils, as well · as with those of the 
Butler series. 
DESCRIPTION OF SOILS 
Hastings Soils
These Chernozem soils are mapped in the loessial uplands of central and 
southern Nebraska, and in northern Kansas, mostly between the 98th and 99th 
meridians. In their western distribution they are found on high, level, un-
eroded uplands; in the east they are in areas of undulating or gently rolling 
topography . The very dark grayish-brown topsoil is from 10 to 16 inches deep. 
Although the upper portion of the subsoil is heavy, it is not sufficiently dense 
to be a claypan. An accumulation of lime is in the lower subsoil, which grades 
into Peorian loess at a depth of 4 to 6 feet. Hastings soils are transitional be-
tween those of the Holdrege and Crete series. The three differ chiefly in the 
degree of compactness of the upper subsoil horizon; Crete soils have a true 
claypan; Holdrege soils have an upper subsoil layer which is both thinner and 
less compact than that of the Hastings soils. Following is a description of the 
profile which was studied: 6 
Hastings series, type location for silt loam , samples 8896 to 8902, loca ted by F. A. Hayes. 
Location: 300 ya rds north of the southwest corner of sec. 4, T. 14 N. , R. 13 W., 
Sherman county, Nebr. Pit dug to a depth of 9 feet on east side of road. 
Topography: Tabular spur on nea rl y level plain. 
Vegetation: Big bluestem and western wheatgrass . 
5 The generalized descriptions of soi l series are taken primarily from unpublished material which was 
prepared by F. A. Ha yes (JO) . 
6 Sa m p les furnished by F. A. Hayes . Profile desc ript ion is based on that of Brown, Rice , and Byers (4). 
6 
1. 7 
B, ,. 
B2 3. 
B,,. 
C. 
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0 to 6 inches, brownish-gra y to dusky brown pulverulenr silt loam
6 to 20 inches, pale to weak brown, pulverulent to very faintl y granular si lt loam. 
20 to 30 inches, upper part of zone of maximum density. Light ye llowish-brown 
to weak brown, moderately compact silty clay loam. 
30 to 43 inches, lower part of zone of maximum density. Light ye llowish-brown; 
a little more compact than the B, ,. 
43 to 57 inches, a transitional layer between zone of max imum compactness and 
lime zone. Light yellowish-brown, friable silt loam . This layer contains scattered 
dark orange ferruginous spots and splotches. The material shows no effervescence 
when acid is applied. 
57 to 78 inches, the zone of m ax imum carbonate enrichment. Light yellowish-
brown. Lime is abundant, occurring as film-like coatings on the surface of cracks, 
in mycelium-like arrangement, and in disseminated form . The layer also contains 
a few filled rodent burrows, in which the material is dark colored and free from 
lime. 
78 to 108 inches, the parent Peorian loess. This light yellowish-brown material is 
rich in disseminated iimc and also contains scattered lime concretions from one-
sixteenth to one-eighth inch in diameter, but there is no layer in which the carbon-
ates appear to be concentrated. 
Crete Soils 
These soils are planosols within the Chernozem region of southeastern 
Nebraska and northeastern Kansas. The topography is nearly level or gently 
undulating. The very dark grayish-brown topsoil, 12 to 16 inches deep, is 
similar to that of Chernozems. Beginning sharply below the topsoil is a true 
daypan. The lower subsoil, which is calcareous, grades into Peorian Loess at 
5 or 6 feet. The presence of a claypan, together with a shallower lime zone, 
distinguishes the Crete from the Hastings and Holdrege soils. Deep topsoils 
and the brownish cast in the claypan distinguish the Crete soils from those of 
the Butler series. Following is a description of the profiles which were studied: 
Crete series, type location for siit loam, samples 8890 to 8895, located by F. A. Hayes
Location: 350 ya rds south of the northeast corner of sec. 8, T. 6 N. , R. 9 W., Adams 
county, Nebr. Pit dug to a depth of 7 fee t on west side of road. 
T opograph y: Nearly level area on a smooth plain. 
Vegetation : Western wheatgrass and June grass, with some big bluestem. 
A1 1. 0 to 1.5 inches, weak to dusky brown pulverulent silt loam mulch. 
A1 , . 1.5 to 4 inches, a thin platy layer. W eak brown to brownish-black friabl e silt loam. 
A1 3. 4 to 20 inches , weak brown to brownish-black, faintly granular friable silt loam. 
B, 1. 20 to 38 inches, a claypa n layer. Pale brown to dark yellowish-brown, dense clay 
with a prismatic structure. The structural aggregates are slightl y longer vertica ll y 
than horizontall y but do not exceed one-half inch in any dimension. This layer 
is a littl e more friabl e in its lower 3-inch part. 
B, ,. 38 to 60 inches , the lime zone. Very light to dark yellowish-brown material with 
lime abundant in disseminated form , as soft spots and splotches , as coatings on the 
surfaces of cracks, and as occasional small hard concretions. 
C. 60 to 84 inches, very light to light yellowish-brown loess. Lime is abundant, but 
there is no la yer in which it appears to ha ve accumu lated. 
7 The nomencla ture fo r hori zon designation is that descr ibed in U . S. Dept. Agr. Misc. Pub. 274 ( 1937)~ 
except that the lime zone is included in the B:! rather than the C. 
s Color names in the detai led descriptions are according to the standards in U. S. Dept. Agr. Misc. Pub. 
425 (1941). Determinations were made on sa mples crushed to pass a 2-mm. sieve. Each sample was ob-
served and its co lor recorded both w hen air-dry and when moistened to about the field carrying capac i ty. 
In those instances where change in moisture content affected the designat ion , the color when dry is g iven 
first , the co lor when wet second. Soi l co lor names given in the generalized seri es descriptions and those 
employed elsewhere in the paper are according to Hayes (10 ) . 
~ Samples furnished by F. A . Hayes. Profil e descri ption is based o n that of Brown, Rice, and Byers (4 ) . 
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Crete series, type location for silt loam, samples 8911 to 89 17, located by R. C. Roberts. 
Loca tion: In field, 150 feet west and 60 feet north of southeast corner of sec. 15, T. 6 
N., R. 3 E., Saline county, Nebr. 
Topograph y: Almost level. 
Surface condition: Plowed fi eld. 
0 to 7 inches, weak to dusky brown, crumb structure. 
7 to 13 inches, weak to dusky brown, slightl y g ranular. 
13 to 21 inches, upper part of claypan. Pale to weak brown material which breaks 
into small cubical fragments.10 
B2 2. 21 to 30 inches, lower part of claypan. La yer is light to dark yellowish-brown, 
with cubical frag ments som ewhat larger than in B2 , . 
B2 , . 30 to 52 inches, lime zone. Light to dark yellowish-brown, with numerous dark 
orange iron stain s, and a few small iron concretions. Both soft and hard lime 
concretions, mostl y less than one-fourth inch in diameter, are distributed uniforml y. 
B,. 52 to 73 inches, layer of transition to parent material. Very light to light yellowish-
brown, friab le, and somewhat prismatic. 
C. 73 to 94 inches, ve ry light to light yellowish-brown Peorian loess with many iron 
stains and concretions. 
Crete series, type location for silt loam , samples 9383 to 9387, located by F. A. Hayes . 
Location: In fi eld , 50 feet south of northeast corner of sec. 11 , T. 2 N., R. 1 E., Jeffer-
son county, Nebr. 
T opograph y: Gently rolling. 
Surface condition: Plowed field. 
A, 1. 0 to 6 inches, plow depth , weak to dusky brown, pu lverulent to crumb structure. 
A, 2. 6 to 10 inches, weak to dusk y brown, faint platy structure. 
A1 ,. 10 to 15 inches, weak to dusky brown, soft granular structure. 
A, . 15 to 19 inches, transition to clavpan. Coarse granular, with a few shin y surfaces; 
dark ye llowish-brown to weak brown. 
B2. 19 to 25 inches, upper claypan. Moderate to dark ye llowish-brown fragments 
which ha ve a few darker surfaces. 
Butler Soils11 
These soils are planosols, mapped chiefly in the Prairie and Chernozem 
zones east of the 100th meridian. In their eastern and more extensive dis-
tribution they are on nearly level uplands. Farther west they are in shallow 
depressions, where they are inundated occasionally. The very dark grayish-
brown to black topsoil, 4 to 15 inches deep, in places has gray sprinklings and 
an imperfectly developec! platy structure near the base. A very dark grayish-
brown to black claypan begins abruptly beneath the topsoil. The lower sub-
soil has an accumulation of lime. The solum extends to a depth of 5 to 7 
feet. Soils of the Butler series differ from Crete soils in having a darker and 
denser claypan horizon. They differ from the Fillmore soils in having a 
thicker topsoil, less gray in the horizon, and no large, hard, black iron 
concretions, which characterize the Fillmore claypan. Following is a descrip-
tion of the profiles which were studied: 
Butler series, type location for silt loam, samples 8858 to 8865, located by F. A. Hayes. 
Location: 343 fee t cast and 26 feet north of the southwest corner of sec. 16, T. 8 N., 
R. 5 E., Lancaster county, Nebr. 
Topography: Flat hilltop in gentl y rolling upland. 
10 Horizons in the claypan have a mass ive st ructure . The mater ial may be broken into dense, well-
defi ned cubica l pieces which have shiny surfaces when moist. These pieces wi ll be ca ll ed fragments. 
11 As will be brought out in the discuss ion of the data fo r these so il s, none of the deep profiles from 
Butler type locations exhibits the character ist ics required of soil of that series . It is suggested that the 
first six profiles described here might better be designated Crete. The last four profiles descri bed have both 
the morphology and the physical properties associated with Butler soils
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Surface condition : Cultivated field. 
A,,. 0 to 6 inches, plow layer, brownish-gray to dusky brown, crumb structure. 
A,,. 6 to 13 inches, brownish-gray to dusky brown, granular structure. 
B, , . 13 to 24 inches, upper part of claypan. The fragments are pale to weak brown. 
B, , . 24 to 33 inches, lower part of claypan. Pale to weak brown fragments, with a few 
dark spots, presumabl y iron stains. 
B, 3. 33 to 49 inches, upper part of lime zone, containing scattered large lime concre-
tions. The layer is divided by an irregular band of soil stained dark orange, and 
described below. Above the band the soil is dark yellowish-brown, with small 
brownish-black iron stains; below the band it is light yellowish-brown, with 
splotches of dark orange iron stains. 
Band containing numerous dark orange iron stains, varying between 40 to 42 inches and 
45 to 47 inches. Except for the colored condition, the band is similar to the rest 
of the B,. 
B3. 49 to 75 inches, lower part of lime zone. It is very pale brown to light yellowish-
brown, friable, and contains a few lime concretions and a few light brown iron 
stains. 
C. 75 to 86 inches, very pale to light yellowish-brown Peorian loess. Continues uni-
fonnly to a depth of at least 110 inches. 
Butler series, type location for silt loam, samples 8866 to 8873, located by F. A. H ayes. 
Location: On east side of road, 1,000 feet sou th of north quarter corner, sec. 10, T. 9 N., 
R. 6 E., Lancaster county, Nebr. 
Topography: Nearly flat upland . 
Surface condition : Apparently undisturbed grassed roadside. 
A,,. 0 to 6 inches, weak to dusky brown, crumb to g ranular structure. 
A,,. 6 to 11 inches, weak to dusky brown, granular structure. 
B, ,. 11 to 26 inches, upper part of claypan. The fragments are light to dark yellowish-
brown. A generall y lighter color prevails in the lower porrion of the horizon. 
B, ,. 26 to 34 inches, lower part of claypan. The fragments are somewhat more dull , 
light to moderate yellowish-brown, with a few dark stains. There is a distinct 
tendency for breakage along well-spaced vertical lines. 
B, 3. 34 to 43 inches, upper part of lim e zone. It is light to dark yellowish-brown, al-
though somewhat mottled . T he lime appe;;rs to be all concretionary; there are a 
few iron concretions. T his layer is more friable than the one above. 
B, ,. 43 to 52 inches, lower part of lime zone. T he layer breaks into blocks which are 
light to dark yellowish-brown, with a reddish-g ray surface cast. 
B3. 52 to 68 inches, transition layer. The light yellowish-brown material is friable, 
and contains a few lime concretions. The blocks have a reddish-gray surface cast. 
C. 68 to 80 inches, light to moderate yellowish-brown Peorian loess. 
Butler series, type location for silt loam, samples 8903 to 89 10, located by F. A. H ayes. 
Location: Along fence line, 155 feet cast of the northwest corner of sec. 32, T. 8 N., 
R. 5 E., Lancaster county, Nebr. 
Topog raphy: F lat hilltop in gent ly rolling upland. 
Surface condition : Narrow grassed roadside; the lower level of the adjoining cultivated 
field may have been caused by erosion, since the roadside profile had no evidence of 
addition. 
A, 1 . 0 to 8 inches, weak to dusky brown, friable, crum b to granular structure. 
A 1 , . 8 to 16 inches, weak to dusky brown, g ranular structure. 
B, , . 16 to 26 inches, upper part of claypan. Light to dark yellowish-brown frag ments. 
B2 ,. 26 to 35 inches, lower part of claypan. Layer is light to dark yellowish-brown, 
with a tendency to break into larger fragments. 
B, 3. 35 to 53 inches, upper part of lime zone. T his light yellowish-brown material 
breaks into large friable fragments Brownish-black as well as dark orange stains 
are con1n1on; lime in small concretions is concentrated in the upper portion. 
, . 53 to 68 inches, lower part of lime zone. Very little lime is evident, but the iron 
stains persist. Light yellowish-brown, fai ntly prismatic structure. 
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Ba. 68 to 85 inches, layer of transition to the parent material. Light yellowish-brown, 
prismatic structure. Both dark orange and brownish-black stains are numerous. 
C. 85 to 93 inches, light ye llowish-brown Peorian loess. 
Butler series, not a type location, samples 8874 to 8881. 
Location: 200 feet west of intersection of highway 77 with north boundary of sec. 35, 
T. 7 N., R. 6 E., Lancaster county, Nebr. 
Topography: At the edge of a large undrained area. 
Surface condition: Cultivated field . 
A,. 0 to 7 inches, weak to dusky brown, crumb structure. 
B, . 7 to 15 inches, pale to weak brown, coarse g ranular structure. 
B21. 15 to 22 inches, pale to weak brown, frag mental structure. 
B2 2 • 22 to 30 inches, lower part of claypan. The fragments are pale brown, with nu-
merous small brownish-black and a few dark orange stains. 
B, 3 • 30 to 36 inches, upper part of lime zone. Very light to light yellowish-brown 
fragments, with numerous moderate reddish-brown stains. Friability is more evi-
dent. The lime is present as small concretions, with an occasional large one. 
B, ,. 36 to 54 inches, lime zone proper, with more concretions in the upper portion. 
Very pale brown to light ye llowish-brown fragments are larger and more friable. 
Both iron and lime deposits are in old root holes, as well as in spherical concretions. 
Ba. 54 to 72 inches, lower portion of lime zone. Very pale brown to light yellowish-
brown, fa intly prismatic material with ve ry few lime concretions, but some iron 
concretions and stains. 
C. 72 to 84 inches, very ligh t to light ye llowish-brown Peorian loess , with numerous 
iron concretions. 
Butler series, type location fo r silt loam , samples 8935 to 8942, located by F . A. H ayes. 
Location: Along fence line between cu lti va ted fields , 100 feet east of west quarter 
corner, sec. 2, T. 9 N., R. 2 E., Seward county, Nebr. 
Topography: Almost level area, samples taken at edge of small , shallow depression. 
Surface condition: Cultivated field. 
A1. 0 to 9 inches, brownish-g ray to brownish-black, crumb structure. 
B1. 9 to 16 inches, weak to dusky brown, coarse granular structure. 
B21. 16 to 25 inches upper pa rt of claypan. Fragments are light brownish-gray to 
weak brown. 
B, 2. 25 to 35 inches, lower part of claypan. Fragments are slightl y larger, very pale 
brown to pale oli ve. Dark orange iron stains are numerous but mostl y very small. 
B2 a. 35 to 49 inches, transition layer between claypan and lime zone. Very pale brown 
to pale oli ve fr agments are larger and mo, e friable. There are numerous rather 
large iron stains, as well as iron concretions in pockets and along old root channels. 
B2 ,. 49 to 69 inches, lime zone proper. Very light yellowish-brown to dusky yellow, 
faintl y prismatic. Lime concretions are often quite large, but widely sca ttered. 
Iron stains and concretions are numerous. 
Ba. 69 to 80 inches, lower part of lim e zone. Very light ye llowish-brown to dusky 
yellow, prismatic structure. The lime concretions are infrequent, bur some are 
as long as I inch. Most of the lim e is deposited in a fine network along cracks. 
N um erous small brownish-black iron concretions, as we ll as dark orange stains are 
present. 
C. 80 to 90 inches, very light yellowish-brown to dusky yellow Peorian loess . 
Butler series, type location for silt loam, samples 8943 to 8949, located by R. C. Roberts. 
Loca tion: Grassed roadside, 77 rods west of southeast corner, sec. 14, T. 6 N. , R. 3 E., 
Saline county, Nebr. 
Topography: Large level area, adj acent to a depression . 
Surface condition: Grassed stri p between road and wheat fi eld. 
A,. 0 to 8 inches, brownish-gray to brownish-black, crumb structure. 
B, ,. 8 to 16 inches, upper part of claypan . Fragments are pa le to dusky brown. 
B, 2. 16 to 24 inches, lower part of claypan. Fragments are pale to weak brown . There 
are a few small iron concretions. 
B, 3. 24 to 30 inches, transition between claypan and lime zone. Very light to dark 
yellowish-brown, faintl y prismatic. 
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Bz,. 30 to 42 inches, lime zone proper. Very light to dark yellowish-brown m aterial, 
m ottled with numerous da rk orange stains and brownish-bl ack iron concretions. 
F riable, prismatic structure, with scattered small and medium-sized lime concretions. 
B, . 42 to 71 inches, lower pa rt of lime zone. Light yellowish-brown , with dark orange 
and brownish-bl ack stains; fri able, prismatic structure, with a few lime concretions 
in the upper part. 
C. 71 to 80 inches, light ye ll owish-brown Peorian loess . 
Butler series, type location fo r Butl er silt loam, samp les 93 44 to 9349, located by T. E. 
Beesley and F . A. H ayes. 
Location : In fie ld, 253 fee t south of north west corner, a long roadside of sec. 35, T . 11 
N., R. 9 E. , Cass county, Nebr. 
T opography: F la t upland , possibly a microdepression. 
Surface condition: Plowed field. 
A, 1. 0 to 7 inches, p low depth , pul verul ent to cru mb structure, wea k brown to brownish-
black 
A, 2. 7 to 12 inches, appa rentl y a plow sole, fa intl y g ranular, wea k brown to brownish-
black. 
A2 1. 12 to 17 inches, upper part of fa int incipient g ra y laye r. 12 W eak brown to brownish-
black with fa int p laty structure. 
A2 2. 17 to 19 inches, lower part of incipient gray layer. Pale to dusky brown , faint 
platy structure. 
A, . 19 to 21 inches, t ra nsition to the clay pan. Pa le to dusky brown, fa intl y granu lar 
structure . · 
B2. 21 to 26 inches, uppe r part of claypa n. F ragments are pa le to wea k brown ; layer 
is sharply separated from the A,. 
Butler series, not a type location, samples 9363 to 9367. 
Location : Grassed area, 80 feet south and 80 fee t west of the northeast corner of sec. 
29, T . 6 N ., R. 7 E., Gage county, Nebr. 
T opography: Flat upland , possibly a microdepression . 
Surface condition: Slightl y disturbed nati ve g rass m eadow. 
A11. 0 to 3 inches, wea k brown to brownish-bl ack, pul verul ent to crumb structure. 
A 1 2. 3 to 7 inches, brownish-gray to brow nish-bl ack, crumb structure. 
A2. 7 to 9 inches, brownish-gray to brownish-black, slig htl y g ranular structu re, w ith 
considera ble ''gray" covering th e aggregates. 
A3• 9 to 11 inches, brownish-g ray to brow nish-bl ack, with "gray" covering the aggre-
gates . More g ranular than the above, and the aggregates are more stabl e than those 
in the A2. 
B2. 11 to 16 inches, upper cl aypa n, brownish-gray to brownish-black fragm ents. 
Butler series, type location fo r silt loam, samples 9378 to 9382, located by F . A. H ayes. 
Location: Grassed roadside. 0.9 mile north of sou th west corner of sec. 24, T. 3 N., 
R 2 E ., Jeffe rson county, Nebr. 
Topography: Slight depression in fl at upl and. 
Surface condition : Undisturbed native g rass m eadow. 
A1 1 . 0 to 5 inches , brow nish-gray to brownish-bl ack, crumb structure. 
A1 2. 5 to 8 inches, brownish-gray to brow nish-bl ack, g ranular structure. 
A1 3. 8 to 12 inches, wea k to dusky brow n, coarse g ranular structure. 
A,. 12 to 14 inches, g ray layer. Platy structure, pal e to weak brown. 
B,. 14 to 20 inches, upper claypan. W eak brow n fragments, with a few small ;n-
durated iron concretio ns. 
Butler series, not a type location, samples 9350 to 9354. 
Loca tion: In fi eld , 120 fee t east and 1,160 fee t north of the southeast corner of sec . 19, 
T . 10 N ., R. 10 E ., Cass county, Nebr. 
T opography : Slight depression in fl at up land. 
Surface condition: Plowed fi eld. 
12 The gray layer (A2) is a zone of maxim um elu viation. It is sharply defined , and easi ly dist inguished 
from the At and the B2 under most moisture conditions. Incip ient g ray layers are sl ightl y less sha rply sepa-
rated fro m the 
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A11. 0 to 7 inches, brownish-gray to brownish-black , crumb structure. 
A1 ,. 7 to 14 inches, brownish-g ray to brownish-black, crumb to g ranu lar structure. 
A,,. 14 to 17 inches, incipient gray layer. Platy structure, lig ht brownish-gray to dusk y 
brown. 
A,,. 17 to 20 inches, lower part of incipient gray la yer. Brownish-gray to dusky brown, 
platy to granular structure. 
B,. 20 to 25 inches, upper claypan. Fragments brownish-gray to dusky brown. 
Fillmore Soils 
In moderately shallow depressions of southeastern Nebraska and north-
eastern Kansas are mapped the soils of the Fillmore series. The topsoil, 6 to 12 
inches deep, is commonly very dark grayish-brown, but contains a lighter layer 
at the base. Locally, this A2 may be almost white. The subsoil begins abruptly 
with a dense very black claypan which is characterized by indurated iron con-
cretions. The lower subsoil has an accumulation of lime. Peorian loess is 
found at about 6 feet. The Fillmore soils have a thinner topsoil and a higher-
lying lime zone than those of the Butler series, but the chief difference is the 
absence of iron concretions in the Butler claypan. Fillmore soils have a thicker 
and darker surface layer and a thinner claypan than the Scott soils. The latter 
soils have no lime zone. Following is a description of the profiles which were 
studied: 
Fillmore series, across the road from type location for silt loam, samples 8918 to 8925, 
type loca tion by R. Covell and F. A. Hayes. 
Location : 200 feet south and 40 feet east of northwes t corner of sec . 29 , T. 11 N., 
R. 2 E. , Seward count y, Nebr. 
Topography: Large depression in almost level area. Artificia l drainage was established 
several years before th e sa mples were taken. 
Surface condition: Formerl y cultivated , now retur ning to a g rass vegetation. Severe wind 
erosion had removed most of the surface soi l subsequent to plowing after the area 
was drained . Surface samples were taken from adjacent g rassed roadside. 
A1. 0 to 6 inches, brownish-gray to brownish-black, granular structure . Weak redd ish-
brown stains are fairl y numerous. 
A,. 6 to 12 inches, g ra y layer, p laty structure, light brownish-gray to brownish-gray. 
Upper edge of the horizon is irregul ar. 
B, 1. 12 to 23 inches, upper part of claypan. Fragments are brownish-gray with nu-
n1erous small round iron concretions and stains. 
B, ,. 23 to 34 inches, lower part of clavpan. Fragments are brownish-g ray. 
B, a. 34 to 47 inches, upper part of lime zone. Pale brown to lig ht yellowish-brown. 
Lime concretions are numerous in the lower portion, and crysta lline lime is abun-
dant. Iron concretions are numerous. 
B, •· 47 to 65 inches, lower part of lime zone. Very light to light yellowish-brown . 
Both dark orange stains and brownish-black concretions are abundant. Concretions 
of lime are less numerous but are larger than those in the B3. 
Ba. 65 to 85 inches, very light to lig ht yellowish-brown. Lime is evident on ly a long 
structural cracks. 
C. 85 to 95 inches, very lig ht yellowish-brown Peorian loess. 
Fillmore series, type location for si lt loam, samples 8882 to 8889, located by F. A. 
Hayes.13 
Location: On west side of road, 1,050 feet south of the northeast corner of sec. 15, 
T. 8 N., R. 9 W ., Adams county, Nebr. 
Topog raph y: Nearly level area about 12 feet below the surrounding uplands. 
Vegetation: Virgin hay meadow covered main ly by western wheatgrass and a small 
sedge, with some b luegrass. 
------
13 Samples furnished by F. A. Hayes. Profile description is based on that of Brown, Rice, and Byers (4). 
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0 to 2 inches, brownish-gray to brownish-black silt loam. The upper half inch is 
pul verulent, the remainder platy. 
2 to 6.5 inches , gray layer. Platy structure, light brownish-gray to dusky brown. 
6.5 to 16 inches, upper part of claypan. Light brownish-gray to brownish-gra y 
fragments with round hard ferruginous pellets from one-eighth to one-fourth inch 
in diameter. 
16 to 38 inches, lower part of claypan. Fragments are very light brownish-gray to 
brownish-gray. 
38 to 42 inches, upper part of zone of lime accu mulation . Very pale brown to 
dusky yellow, friable silt loam containing an abundance of lime. The lime occurs 
in finel v divided form, and as a coating in root cavities. Streaks and spots of iron 
are also plentiful. 
42 to 60 inches, appears to be the zone of maximum lime accumulation. The ma-
terial is very pale brown to dusky yellow ; contains lime concretions, some of which 
attain a diameter of three-eighths of an inch. 
60 to 84 inches, a transitional layer. Very pale brown to pale olive. Lime is pres-
ent but is less visible than in the layer above. Iron is abundant, and ferruginous 
tubes occur usually in a vertical position. 
84 to 96 inches, the parent material consisting of very light ye llowish-brown 
Peorian loess. Contains an abundance of lime, but there is no visible concentration. 
Scott Soils 
Hydromorphic soi ls, in basins and depressions scattered over the nearly 
level uplands and terraces of Nebraska, and adjacent parts of Kansas, Colorado, 
and Wyoming, are mapped as the Scott series. These basins are not naturally 
drained, and lie from 2 to 12 feet below the general level of the area. The 
topsoil is usually no more than 7 inches deep and is variable in color. Usually 
the A2 horizon is light colored, as in the Fillmore soils. The claypan, com-
monly dark grayish-brown in the upper part, is one of the thickest and most 
compact of those found in the Great Plains region. The parent material, 
usually fine-textured, is encountered at about 5 feet. Scott soils differ from 
those of the Fillmore series in that there is no lime zone. Following is a de-
scription of the profile which was studied: 
Scott series, type location for silt loam , samples 8950 to 8958, located by R. Covell and 
F. A. Hayes. 
Location: Two rods south and 115 rods east of northwest corner of sec. 13, T. 15 N., 
R. 7 E., Saunders county, Nebr. 
Topography: Large depression in gently undulating area. 
Surface condition: Hay meadow. 
A1 • 0 to 6 inches, crumb structure, brownish-gra y to brownish-black. 
A2 1 • 6 to 15 inches, upper part of gray layer. Horizon has a platy structure, is ligh t 
brownish-g ray to brownish-g ray with but few stains and small concretions. 
A2 2• 15 to 21.5 inches, lower part of gray layer. In this platy, light brownish-gray to 
brownish-gray, more compact zone there are numerous large hard iron concretions, 
as well as a few iron stains. 
B, 1 , 21.5 to 34 inches, upper part of claypa n. Fragments are light brownish-gray to 
brownish-black, with very few iron concretions and iron stains. 
B2 2 • 34 to 46 inches, middle portion of cla ypa n. Fragments are light brownish-gray 
to brownish-gray. Iron stains and concretions are fairly numerous. 
B2 3 • 46 to 64 inches, lower part of claypan. Fragments are light brownish-gray to 
brownish-gray. Structural cracks are outlined by darker material. 
B2 ,. 64 to 76 inches, transition layer. Fragments are very light brownish-gray to pale 
olive. Dark ribbons outline cracks and root channels. Many dark orange stains 
are present. 
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B3• 76 to 87 inches, transition layer. Very pale brown to pale olive, with dark lines 
along cracks and channels. Iron stains are present. 
C. 87 to 106 inches, very pale brown to pale olive parent material. Except for oc-
casional dark lines along cracks and channels the laye r has the appearance of 
Peorian loess. 
EXPERIMENTAL METHODS 
Sampling Procedure 
For the sampling of complete profiles a pit approximately 2.5 feet wide 
and 6 feet long was dug through the B horizon. A portion of the floor of this 
pit was then excavated somewhat deeper, to permit the sampling of the parent 
material. After the walls of the pit were examined, the horizons were de-
lineated and described. Samples were obtained from each horizon by means 
of a spade, and were taken to the laboratory. After being air-dried they were 
crushed to pass a No. 10 sieve. In those instances where samples were ob-
tained only from the A and upper B horizons this procedure was followed 
except for the size of the pit. 
Analytical Methods 
Volume weight and field moisture: Samples were taken from each horizon 
of the exposed profile for the determination of volume weight and field mois-
ture. Calibrated brass tubes about 6 inches long and 4 inches in diameter, 
with a wall thickness of 0.16 inch, were used. Two tubes were forced vertically 
into the topsoil close by the pit. A single tube was forced vertically into the 
parent material on the cleaned and leveled floor. Two were forced horizontally 
into the approximate center of each of the other exposed horizons, one at either 
edge of one of the walls of the pit. A jack, with its base against the opposite 
wall of the pit, was used to force these tubes into the soil. The tubes were 
than dug out, and the ends of the enclosed soil columns cut off flush with the 
ends of the cylinders. The tubes were capped with brass lids, held in place 
by rubber bands. In the laboratory, the moist soil in each cylinder was 
weighed; then a representative sample was removed for moisture determina-
tion and the volume weight calculated. For some of the profiles the moisture 
contents were equivalent to the field capacity. 
Hygroscopic coefficient: The hygroscopic coefficient was determined as 
described by Russel ( 14). 
Moisture equivalent: The moisture equivalent was determined as outlined 
by Russel and Burr (16), except that measured rather than weighed amounts 
of soil were used in the centrifuge pans. 
Specific gravity: The specific gravity was determined by using a pycnome-
ter of 50 cc. capacity. Specific gravities were expressed with respect to water 
at 4° C. 
Liquid limit: For all of the samples the liquid limit was determined by 
method T-89-38, mechanical method, of the American Association of State 
Highway Officials (1), except that the soil had been passed through a No. 35 
rather than a No. 40 sieve. In addition, the method of Russel and Wehr 
(17) was used on some of the samples. Russel has interpreted the sentence, 
"The dish is then struck ... repeatedly ... " to mean 3 to 5 blows. 
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Lower plastic limit: For lower plastic limit, the "hammer method" men-
tioned by Russel and Wehr but first described in detail by Bertramson (3) 
was essentially the procedure employed for some of the samples. The sample 
had been passed through a No. 35 rather than a No. 18 sieve. For some of 
the samples, higher in clay content, it was impossible to obtain uniform mix-
ing without puddling the soil. These were wetted to a point within the plastic 
range, and then kept thoroughly mixed by manipulation with a hammer until 
the sample could no longer be maintained as a cube and prevented from 
crumbling. This end point, and the one described by Bertramson ("When 
the soil is moist enough to barely permit its being formed into a cube with a 
hammer and worked into a definite shape ... ") are definite and reproducible 
for any one individual. However, they cannot be duplicated nearly so exactly 
by another worker, particularly if he has learned the method simply by reading 
a description of it in the literature. 
Oxidizable material: Oxidizable material was determined by the Walkley 
and Black method, as modified by Smith and Weldon (20 ). 
Reaction : A Cameron pH meter was employed for soil reaction determina-
tions on a suspension of soil in carbon dioxide-free distilled water, in a ratio 
of 1 to 2.5. 
Calcium carbonate: Calcium carbonate content was estimated by a semi-
quantitative method described by Peterson and Goodding ( 13 ) . 
. Exchange capacity and exchangeable bases: An ammonium acetate method, 
based chiefly on that of Scho\lenberger and Dreibelbis ( 18), and described by 
Peterson and Goodding, was used to determine total exchange capacity. Ex-
changeable calcium was determined by precipitating the calcium (in the 
leachate) as the oxalate and titrating it with potassium permanganate solu-
tion. Exchangeable magnesium was determined by analysis of the filtrate 
from the calcium oxalate precipitation. It was evaporated to dryness and then 
treated with alcoholic ammonium carbonate (Bray's reagent). After three 
hours the mixture was filtered and washed with alcoholic ammonium car-
bonate solution. The filter paper and precipitate were transferred to a crucible, 
dried and then ignited for one hour at about l,500°F. When cool, the crucible 
and its contents were put into a small beaker, to which was added a known 
volume of standardized hydrochloric acid. Water was added to cover the 
crucible, after which the beaker was put on a slow steam bath for several hours. 
The excess acid was then titrated with standardized sodium hydroxide. 
When sodium and potassium were determined, the filtrate from the mag-
nesium precipitation was evaporated to dryness. After being moistened with 
a few drops of glacial acetic acid, the residue was transferred to a crucible. 
The crucible and its contents were dried and then ignited for two hours at 
about l,000 °F. When cool, the crucible and its contents were put into a small 
beaker, water was added, and the , beaker was put on a slow steam bath for 
several hours. The resulting solution was filtered and made up to a definite 
volume. Aliquots were used for the determination of sodium by the uranyl-
magnesium acetate method, and of potassium by the cobaltinitrite method 
(21, pp. 
Nitrogen: Nitrogen was determined by a slightly modified Gunning 
method ( 21, p. 78); about 0.1 g. of copper wire was used as a catalyst. 
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Relative humus color: Relative humus color was determined as described 
by Gillam (7) except that a different standard color solution was used. 
CHARACTERISTICS OF SOILS OF THE HASTINGS, CRETE, 
BUTLER, FILLMORE AND SCOTT SERIES 
The original intention of the authors was to obtain Butler profiles from 
two pos1t10ns. Several were to be taken from depression areas, where those 
soils had long been recognized; others were to come from_ nondepression, flat 
upland positions, where the Butler soils had been mapped recently. With that 
in mind three profiles were sampled in nondepression type locations in Lan-
caster county. Another three were obtained from what were believed to be 
depressions, two of which were type locations in Seward and Saline counties, 
while the third was from southern Lancaster county, not at a type location. 
All of these profiles were found to be similar, not only in the field but also as 
determined by laboratory analyses ( 19 ). 
With the main body of the data reported here as a background, the authors 
made several trips during the spring of 1941 into the counties of the old 
"Grundy area" as well as into those farther east, in order to make further study 
of the soils in depressions. The six Butler locations which had been sampled 
previously were examined again, and it was concluded that none of the six 
was a depression soil. In the general areas of the three "depression" locations, 
profiles were found which did correspond with the Butler as it was first estab-
lished (9 but in the exact spots sampled in 1940 the profiles did not. It was
observed that changes of micro-relief within a distance of a few feet in a de-
ression had a marked effect on the character of the soil Several profiles of 
soils which did correspon with t ongmal Butler description were located 
and sampled. In this discussion of the soils of the Scott, Fillmore, Butler, 
Crete, and Hastings series, in which complete profiles of these soils are con-
trasted, the Butler profiles are from nondepression, flat upland areas. The 
comparison of these soils, mapped as Butler, with the Butler soils of the true 
depression areas will follow. 
The data for the 12 profiles, representing Hastings, Crete, Butler, Fillmore, 
and Scott series, have been reduced to a workable form by the combination of 
data from profiles of the same series to give five "average" profiles. This term 
is in part a misnomer, as can be seen from data in Table 1. The average pro-
files of Crete, Butler, and Fillmore series are truly that, since two, six, and two 
individual profiles, respectively, are represented. For the Hastings and Scott 
series, however, there are only single profiles. 
As is shown in Table 1, data for subhorizons have been combined, so that 
in the average profiles there is a maximum of six horizons (Fillmore). The 
Butler profile has five horizons (no gray layer), as has the Scott (no lime 
zone). There are four horizons in the profiles of the Hastings and Crete 
series, with neither gray layers nor zones of transition to the parent loess. The 
number of soil samples which have been grouped to form a single horizon of 
an average profile is small except in the Butler, where as many as 16 samples 
(B2 1 ) have been combined. In all instances the data for these average profiles 
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have been calculated by taking weighted averages of the values for individual 
soil samples.14 
TABLE 1.-Number of profiles in each series, number of samples included in 
calculation of data for horizons in average profiles, and depths of horizons. 
Series Hastings I Crete I 
Butler 
I 
Fillmore Scott 
1 profile 2 profi les 6 profiles 2 profiles 1 profi le 
DEPTH OF HORIZONS ( I NCHES) 
A, surface 0- 20 0-17 0-11 0- 4 0- 6 
A2 gray layer 4- 9 6- 21.5 
B21 compact zone 20- 57 17-34 11- 35 9-36 21.5- 64 
B, 2 lime zone 57- 78 34-67 35-70 36-63 
B• transition layer 70- 75 63-85 64- 87 
C parent loess 78- 108 67- 89 75- 86 85- 96 87-106 
NUMBER OF SAMPLES 
A, 2 5 9 2 1 
A2 2 2 
B21 3 3 16 4 3 
B22 1 3 13 4 
B. 2 2 2 
C 2 6 2 1 
In order to make the data in certain of the tables more graphic, figures have 
been constructed. In Figure 1, for example, the change of hygroscopic coeffi-
cient with depth is shown for the average profile of each series. By taking the 
data from Table 2, one can first draw a stairstep curve, in which the position of 
the vertical segments represents the average values for each horizon. The 
lengths of the vertical segments indicate horizon depths. Such a curve does 
not represent the true profile condition. Using this stairstep curve as a basis, 
the lines as they appear in Figure 1 were drawn. These curves, while still not 
representing the true profile condition, approach doing so. T hey are mathe-
m atically justifiable since the area under each portion of the curve is the same 
as the area under the original vertical segment. 
Hygroscopic Coefficient 
T he hygroscopic coefficient is an approximate measure of the water held by 
soils in a condition unavailable to plants. Its value is affected both by organic 
matter and by clay content. 
Of the five series, only the Hastings lacks the claypan characteristic of a 
sharp textural change between the A and the B horizons, which would be re-
flected in the hygroscopic coefficient percentages. Only a moderately high 
maximum value ( 11.2 per cent) is shown in the B2 1 of the Hastings profile. 
Both the Crete and Butler profiles show claypan characteristics, with a sharp 
increase in the hygroscopic coefficient of the B2 1 , as compared with that of 
the A; this increase is followed by a gradual decrease through the lime zone 
into the parent loess.- These two series could not be distinguished on the basis 
of these data. 
14- The data for the individual samples are on file in the Department of Agronomy, Nebraska Ag ricul tural 
Experiment Statio n, Lincoln, Nebraska. 
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The gray layers of the Fillmore and Scott profiles have markedly lower
hygroscopic coefficient percentages. The break to an mcrease in the 1 1s 
abrupt. These facts agree with the field observations concerning the sharpness 
of the delineation of these gray layers. The high percentage ( 15.6) in the 
TABLE 2.-Hygroscopic coefficient and moisture equivalent values for average 
profiles of Hastings, Crete, Butler, Fillmore, and Scott series
Hastings Crete Butler Fillmore Scott Series 1 profile 2 profi les 6 profil es 2 profiles 1 profile 
HYGROSCOPIC COEFFICIENT PER CENT) 
A1 surface 8.3 8.3 10.0 8.7 11.6 
A2 gray layer 6.7 6.1 
B, 1 compact zone 11.2 15.0 14.9 15.6 12.7 
B,, lime zone 9.2 12.3 12.8 12 .1 
Ba transition layer 12.3 10.7 12.1 
C parent loess 8.8 11.4 12.1 10.5 11.8 
MOISTURE EQUIVALENT ( PER CENT) 
A1 26.3 25.9 28.4 31.8 37.1 
A, 23.3 25.3 
B21 28.3 33 .9 33.2 35.4 30.9 
B,, 25.5 31.5 31.1 30.0 
Ba 31.5 29.9 30.1 
C 23.8 30.6 31.8 31.1 30.3 
Fillmore B2 1 is noteworthy. The B2 1 of the Scott, with a hygroscopic coeffi-
cient of 12.7, does not approach the character of the B2 1 of the other claypan 
soils. Russel ( 15) obtained a maximum hygroscopic coefficient of 18.3 per cent, 
also in the Fillmore claypan. One of the samples (8885) included in the aver-
age Fillmore B had a percentage of 17.1. T he hygroscopic coefficient curve 
for the Scott profile studied by Russel resembled that of the F illmore. 
Moisture Equivalent 
Soils at the moisture equivalent are regarded as having their small pore 
spaces fi lled with water. For medium-textured soils the value is about that 
for the field carrying capacity. The moisture equivalents of the samples from 
the claypans, however, are above the field carrying capacity percentages. This 
is illustrated by the figures in Table 5 for the calculated percentages of the 
total volume fi lled by water plus soil when it is at the moisture equivalent 
wetness. These percentages for the heavier-textured samples exceed 100, al-
though the samples were not water-logged when they were removed from the 
moisture equivalent pans. T o a considerable extent the moisture equivalent 
data show trends similar to those of the hygroscopic coefficient percentages. 
Plasticity Constants 
The lower plastic limit, the liquid limit, and the plasticity index have 
been determined . The lower plastic limit represents the moisture content at 
the change from a friable to a plastic consistency. It is, then, the minimum 
m oisture percentage at which a soil can be puddled. The liquid limit is the 
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moisture content at which thick films permit the soil mass to fl.ow under a 
small applied force. The plasticity index ( the difference between liquid 
limit and lower plastic limit) is an indirect measure of the force required to 
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Butler, 
mold a soil.15 Russel (15) found these constants to be a satisfactory index of 
soil consistency and of degree of clay accumulation in the soil profile. 
Russel and Wehr 17 ) mentioned the hammer method fo r the determination of the lower. plastic limit , 
but presented no data for the compa ri son of that tech ni q ue with Auerbcrg's. The percentages reported 
here, like those of Bertramson (3) all by the hammer method) are low as compa red with those reported 
by Russel 15} fo r si mi la r soi ls; this is espec ia ll y true fo r the su rface samples. The te rm " liq uid limit" 
is used here rather than " upper p lastic limit," since the technique of Casagrande (1) was used. The per-
centages are higher than those obtained by Anerberg's hand method {upper plastic limit) , as employed at 
this station (17) . In some p relimina ry work on samples 8918 to 8925, and 8935 to 8942, 1he average 
ratio of li quid limi t to upper plastic limi t was 1.21, with a minimum ratio of 1.08 , and a maximum ratio 
of 1.31. 
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TABLE 3.-Lower plastic limit, liquid limit, and plasticity index values for aver-
age profiles of Hastings, Crete, Butler, Fillmore, and Scott series. 
Series H astings Crete Butler Fillmore· Scott 1 profi le 2 profi les 6 profiles 2 profiles 1 profile 
LOWER PLASTIC LIM IT (PER CENT ) 
A1 surface 17.8 I 7.1 18.8 21.2 26.4 
A2 g ray layer 16.5 18.6 
B2 1 cotn pact zone 16.4 16.8 I 7.3 16.4 14.6 
B2 2 lime zone 18.1 16.5 16.2 16.1 
Ba transition layer 16.5 15.7 15.4 
C parent loess 17.2 17.3 16.6 15.8 14.9 
LIQUID LIMIT (PER CENT) 
A1 36.6 34.6 41.5 39.1 48.7 
A2 28.3 29.0 
B21 39.6 53.9 56.9 54.4 44.8 
B22 32.4 40.9 44.0 42.6 
Ba 41.3 35.9 43.1 
C 30.9 37.0 40.5 36.5 44.1 
PLASTICITY I NDEX (PER CENT) 
A1 18.8 I 7.5 22 .7 17.9 22.3 
A2 11.8 10.4 
B21 23.2 37.1 39.6 38.0 30.2 
B22 14.3 24.4 27.8 26.5 
Ba 24.8 20.2 27.7 
C 13.7 19.7 23.9 20.7 29.2 
Except for the A1 horizons of the Fillmore and Scott profiles, the lower 
plastic limits exhibit little variation; the range is from 14.6 to 18.8. The higher 
percentages for the A1 of the Fillmore and Scott profiles (21.2 and 26.4) are 
probably a consequence of higher organic matter contents (Table 6). 
T he effect of clay content on the liquid limit, and hence on the plasticity 
index, is distinct in the claypans and in the gray layers. This relationship has 
been discussed by Russel (15), and was shown by Smith (19) for five of the 
profiles. When the liquid limit machine is used, soils of zero plasticity index 
would be of infrequent occurrence. Russel would regard the gray layers of 
the Scott and Fillmore series as being nonplastic, yet by these determinations 
they have plasticity indices of 10.4 and 11.8 per cent, respectively. 
TABLE 4.- Volume weight values for individual profiles of Crete, Fillmore, and 
Scott and for an average profile of the Butler series. 
Series Crete Butler Fillmore Scott I profile 6 profil es I profile I profile 
VOLUME WEIGHT 
A1 surface l.?2 1.19 I.II 0.96 
A2 g ray layer 1.37 1.37 
B2 1 com pact zone 1.45 1.47 1.63 1.57 
B2 2 lin1e zone 1.49 1.46 1.56 
Ba transition layer 1.40 1.47 1.63 
C parent loess 1.44 . 1.34 1.39 1.51 
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Volume Weight 
The low volume weights in the A1 of the Scott and Fillmore profiles are_ 
indicative of conditions under grass vegetation. The Crete profile was from 
a cultivated field, as were three of the Butler profiles, so that the volume 
weights in the A are of slight significance. All of the profiles exhibit an in-
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creased volume weight in the B, with a decrease in the C horizon. Similar 
results were obtained for the Crete and Butler profiles. The high volume 
weight in the B2 1 of the Fillmore is noteworthy. In the Scott profile, extreme 
compactness persists even into the C horizon, with a maximum volume weight 
in the B3 rather than the B2. The volume weight data for the individual pro-
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files of the Crete, Butler, and Fillmore soils ( 19) showed that the maximum 
volume weight is usually found in these soils at the transition from the claypan 
to the lime zone. 
Volume weight determinations, made on nine of the twelve profiles con-
sidered in this section, will be used in the discussion of soil, water, and air 
relationships in the several series (Table 5, Figures 5, 6, and 7). 
Volume Relations of Soil, Air, and Water 
Baver (2) has pointed out that total porosity is of less importance than the 
relative distribution of the pore sizes, in the characterization of structural prop-
erties. He defines noncapillary porosity as "The sum of the volumes of the 
large pores, which will not hold water tightly by capillarity." Capillary porosity 
is "The sum of the volumes of the small pores that hold water by capillarity. 
They are responsible for the water capacity of soils." 
Volume weight and specific gravity data are available for five profiles 
within the Crete, Butler, Fillmore, and Scott series. These data permit the 
calculation of soil and total pore space relations. Three of the profiles were 
taken from areas where snow had drifted during the winter preceding the 
sampling, so that approximate field carrying capacity percentages were ob-
tained. Hygroscopic coefficient and moisture equivalent data are available for 
all profiles. These make possible the calculation of certain volume relation-
ships among soil, water, and air. 
The change of apparent density with depth in these profiles has already 
been presented. The combination of the volume weight and the specific grav-
ity data permits the calculation of the percentage of the total volume which 
would be filled by oven-dry soil. These percentages are tabulated for each 
profile in Table 5, and are shown graphically in Figures 5, 6, and 7. The varia-
tions within the A1 horizon are attributable to the fact that some profiles were 
from grassed areas, while others were from cultivated fields. Less variation 
is exhibited in the horizons. Throughout the subsoil the Crete and the 
two Butler profiles are indistinguishable. In the upper part of the subsoil of 
the Fillmore profile, however, there is a marked increase in the percentage of 
the total volume which would be filled by oven-dry soil. The lower part of 
this horizon resembles the lower subsoil of the Crete and Butler profiles. In 
the Scott profile, the maximum percentage is below that found in the B2 2 of 
the Fillmore, but this condition of relatively low total pore space extends almost 
to the base of the subsoil. Some variation in the percentage of total volume 
occupied by oven-dry soil is found in the C horizons. In one Butler profile 
the percentage is 45.4; in the Scott it is 55.7, as compared with about 52 per 
cent in the other three profiles. 
The changes in the hygroscopic coefficient with depth for the Crete and the 
two Butler profiles are similar; consequently the percentage of the total volume 
which is occupied by soil plus water at the hygroscopic coefficient wetness fol-
lows the trends of the data for the percentage of total volume occupied by 
oven-dry soil. In the Scott profile the hygroscopic coefficients as well as the 
total volume occupied by oven-dry soil are relatively constant within the sub-
soil so that the trends of the two curves for that profile in Figure 6 are similar. 
In the case of the Fillmore profile, however, a decided bulge is exhibited in 
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TABLE 5.- Per cent of total volume filled by soil and soil plus water at different 
moisture values in individual profiles of Crete, Butler, Fillmore and Scott series. 
Crete Butler Butler Fillmore Scott 
Horizon (89 1 I to (8858 to (8943 to (8918 to (8950 to 89 17) 8865) 8949) 8925 ) 8958) 
% % % % % 
VOLUME OF OVEN-DRY SOIL 
A11 44.4 50.2 37.8 43.4 37.9 
A12 48.5 49.4 
A21 52 .7 50.4 
A22 56.7 
B21 5 I.I 51.1 50.9 58.7 56.1 
B22 54.9 54.9 54.4 61.9 58.0 
B, a 56.8 53.5 55.1 60.0 60.1 
B,. 54.9 54.0 60.7 
B3 52.2 53.1 51.6 53.8 60.0 
C 52.6 45.4 51.5 51.1 55.7 
VOLUME OF SOIL PLUS WATER AT HYGROSCOPI C COEFFICIENT WETNESS 
A11 · 53.8 6l.3 47.4 52.8 49.0 
A12 62.1 63.1 
A21 59.4 59.3 
A, , 64.1 
B21 72.5 72.8 72.7 79.9 75.4 
B22 77.6 78.8 77.0 86.1 77.7 
B,a 77.4 73.5 77.4 82.3 80.7 
B2t 75.2 72.6 80.4 
Ba 70.9 71.8 69.4 70.7 79.9 
C 71.5 59.4 67.5 66.9 73 .5 
VOLUME OF SOIL PLUS WATER AT MOI STURE EQUIVALENT WETNESS 
A11 74.8 83.7 65.9 77.4 73.5 
A12 84.9 86.2 
A21 82.2 85. l 
A22 91.0 
B21 97.4 96.9 100.3 111.6 104.4 
B22 104.l 103.2 105.2 119.5 106.0 
B2 3 106.1 98.9 104.9 11 0.3 108.7 
B,. 101.7 97.5 110. l 
B. 99.7 95.9 97.8 97.6 108.9 
C 101.1 82.2 97.3 92.8 101.5 
VOLUME OF SOIL PLUS WATER AT FIELD MOISTURE WETNESS 
A~1 67.4 88.4 76.9 
A12 81.1 86.6 
A21 73.9 
A2 2 85.7 
B21 92.4 95.0 97.2 
B22 95.4 97.4 97.0 
B,a 93.8 92.7 98.9 
B,. 98.7 
B. 93.0 89.2 98.1 
C 92.5 92.4 95.0 
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the curve in Figure 6. The maximum bulge is in the B2 2 horizon, where the 
percentage is 86.l (Table 5). Thus the minimum pore space at hygroscopic 
coefficient wetness for all the soils studied is in the B2 2 of the Fillmore profile. 
That the relative values of the moisture equivalent data are reasonably good 
is illustrated by the fact that the trends of the percentages at the moisture 
equivalent wetness are about the trends of the percentages at the field moisture 
wetness. The soil, air, and water relationships at the field moisture wetness 
for the Crete, Butler, and Scott profiles are shown in Figure 7. The probable 
relationships of the other two profiles may be inferred from the percentages 
at the moisture equivalent wetness. The trends of the air space percentages 
in various parts of the profile follow the tendencies shown in Figures 5 and 6, 
but the actual amounts are decreased. In the Scott, particularly, this air space 
throughout the subsoil is very small, ranging from 3.0 to 1.1 per cent. A 
very small percentage of air space in one Butler profile is found in the B2 2 
(2 .6 per cent) but the amount increases above and below this point. Had the 
Fillmore profile been at field carrying capacity when it was sampled, the air 
space in the upper subsoil would probably have been less than 1 per cent . 
It might be concluded from these data that water intake would be unsat-
isfactory in such soils because of the unfavorable relation between air and 
water capacities. Free, Browning, and Musgrave (6) emphasized the relation 
between noncapillary porosity and infiltration rates. The results of Duley and 
Kelley ( 5) should be pointed out, however, for they showed that large amounts 
of water can be absorbed by claypan soils when the surface is protected by a 
straw mulch. A Butler soil, with a claypan, was still absorbing water at the 
rate of 0.50 inch per hour, after a total intake of 21.89 inches, when the sur-
face was protected by straw. A cultivated piot on the same soil type had a 
rate of intake of only 0.15 inch per hour after a total intake of 2.74 inches. 
Similar results were obtained in a Pawnee area16. No infiltration data are 
available for soils of the Fillmore or the Scott series, but the data obtained in 
this study suggest a slow intake of water for such soils. 
Oxidizable Material and Total Nitrogen 
Oxidizable material, as reported here, indicates the relative content of or-
ganic matter. The correlation with actual organic matter content, as deter-
mined directly by oxidation with hydrogen peroxide, has been established (20). 
The gradual decrease with depth of both organic matter and nitrogen, under 
grassland conditions, is a well-established fact. The curves in Figure 8 indi-
cate the rate of this change. Similar changes in nitrogen content would be 
shown, were those data graphed. The content of organic matter in the sur-
face horizons of the several series cannot be compared satisfactorily since only 
part of the profiles were from grassed areas. 
Exchange Capacity, Exchangeable Bases, and pH 
Total exchange capacity is related both to particle size of the inorganic 
soil fraction, and to the content of organic matter. In the A1 horizon of the 
Scott the high exchange capacity is due in large measure to the organic matter. 
16 Soils of the Pawnee series have true cl aypa ns. While no vo lume w eigh t data a re ava ilable fo r this 
Pawnee profi le, it is beli eved that the compac tness in the B is full y eq ua l to the compactness of the Fillmore 
profile under considera tion. This is based on detailed fi e ld observa tions of bot h p rofiles . 
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T ABLE 6.-0 xidizable material and nitrogen values for average profiles of 
Hastings, Crete, Butler, Fillmore, and Scott series. 
Series H astings Crete Butler Fillmore Scott 1 profile 2 profiles 6 profiles 2 profil es 1 profile 
OXIDIZABLE MATERIAL MEQ./ G.) 
A1 surface 5.2 4.6 G.2 9.0 11.9 
A, gray layer 3.4 3.4 
B 21 compact zone 1.0 2.0 2.1 2.0 1.0 
B2 2 lime zone 0.3 0.4 0.5 0.7 
Ba transition layer 0.3 0.4 0.5 
C parent loess 0.3 0.3 0.5 0.3 0.4 
NITROGEN (PER CENT) 
A1 0. 16 1 0.1 54 0.1 95 0.269 0.388 
A, 0. 122 0. 127 
B21 0.051 0.083 0.079 0.075 0.060 
B22 0.025 0.036 0.033 0.036 
Ba 0.031 0.028 0.037 
C 0.021 0.029 0.031 0.026 0.033 
TABLE ?.-Exchange capacity and pH values for complete profiles, and per-
centage saturation by calcium plus magnesium in noncalcareous horizons 
of average profiles of H astings, Crete, Butler, Fillmore, and Scott series. 
Series H astings Crete Butler Fillmore Scott 1 profi le 2 profii les 6 profil es 2 profiles 1 profi le 
EXCHANGE CAPACITY ( M EQ./1 OOc.) 
A1 surface 20.8 20.8 25.1 21.3 26.9 
A2 g ray layer 13.3 15.7 
B, 1 com pact zone 26.3 31.6 32.7 33.3 26.7 
B2 2 lime zone 23 .2 27.0 28.5 25.1 
Ba transition layer 27.2 23.0 25.3 
C parent loess 21.5 26.2 27.1 23.6 24.9 
PH 
A1 6.2 6.3 6.1 5.5 5.4 
A, 5.8 6.0 
B21 6.9 6.6 6.6 6.9 6.7 
B,, 8.0 7.7 7.6 8.0 
Ba 7.7 8.3 6.7 
C 8.1 7.7 7.5 8.0 6.8 
SAT U RATION BY CALCI UM PLUS MAGNESIUM (PER CENT) 
A1 85 .6 87.0 82.9 71.4 63.2 
A2 78.9 79.0 
B21 92.8 93.0 91.7 91.0 93.3 
B,, 
Ba 96.0 
C 96.4 
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In the Butler A it is probably more a consequence of high clay content. The 
Crete and Hastings series show low exchange capacities in the A because of 
low clay contents. The effect of the low clay content in the Fillmore A1 
overshadows that of the relatively high percentage of organic matter, to pro-
duce an exchange capacity similar to that of the A in the Crete or Hastings. 
T he relation to particle size is shown when the exchange capacity figures for 
horizons below the A1 are compared with the hygroscopic coefficient and mois-
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ture equivalent percentages in Table 2. The trends of these two moisture 
values are also the trends of the exchange capacities throughout the profile 
(Figures 1, 2, and 9). 
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TABLE 8.-Exchange capacity, exchangeable calcium, magnesium, sodium, potassium, and hydrogen, and pH values fo r se-
lected samples from profiles of Crete, Butler, Fillmore, and Scott series. ~ 
I I I 
Cl 
Exchangeable bases I Exdhangeable I :,d Sample Series Excha~ge I 8 
number and horizon Depth capacity I I 
hydrogen pH C 
Ca Mg Na K (calcul ated ) t" 
>-I 
meq./l00g. meq. /l 00g. meq./ l00g. 
C 
ln . :,d > 
8890 Crete A1 ,. 0- 1.5 15.2 9.3 3.3 0.4 0.7 1.5 6.4-' t" 
89 15 Crete B, 3 30-52 28.5 C' 8.7 0.4 0.1 7.7 • tTJ 
89 17 Crete C 73-94 29.2 19_3•• 8.5 1.1 0.4 7.2 :,.: 
"' 8859 Butler A1 2 6-13 22.7 14.4 4.9 0.4 0.2 2.8 5.9 t,j :,d 
894 1 Butler Ba 69-80 25.0 C 7.3 0.5 0.9 8.0 ~ 
8942 Butler C 80-90 25.1 C 7.2 0.5 1.0 8.0 t,j z 
8943 Butler A, 0- 8 26.6 15.9 5.5 0.4 0.6 4.2 6.0 >-I 
8946 Butler B, a 24-3 0 34.4 24.3 9.2 0.4 0.5 0.0 6.8 en 
8947 Butler B,, 30- 42 31.0 C 9. 1 0.3 0.4 7.7 >-I > 
8949 Burler C 71-80 29.9 20.5 •• 9.0 0.2 0.3 7.3 >-I 0 8918 Fil lmore A1 0- 6 20.4 11.1 3.3 0.4 0.4 5.2 5.4 z 
8919 Fillmore A, 6-12 10.7 7.0 1.0 0.2 0.2 2.3 5.9 t:o 
8920 Fill more B2 1 12- 23 29.9 17.3 8.4 0.8 1.2 2.2 6.7 C 
892 1 Fillmore B, 2 23-34 32.0 19.4** 10.4 1.3 1.3 6.9 t" t" 
8923 Fillmore B,, 47-65 27.3 C 8.4 1.5 1.6 7.7 t,j >-I 
8925 Fill more C 85-95 26.2 16.3·· 7.9 1.2 1.2 7.4 z 
8951 Scott A, 1 6-15 18.3 10.7 3.0 0.2 < O.l 4.4 5.9 >--' 
8954 Scott B, 2 34-46 26.6 16.8 7.8 0.4 0.8 0.8 6.7 N 0\ 
1 C indicates ca lcareous samp le. Stars ("'*) indicate a slightly ca lcareous sa mp le. 
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The pH of all surface horizons is in the acid range; the minimum is 5.4 in 
the Scott A1. Greater acidity is found in the A2 horizons of the Scott and 
Fillmore than in the A horizons of the other three series. A slight degree of 
acidity is shown in all of the B2 1 horizons. The Scott remains somewhat acid 
throughout the depth sampled. The lower B and the C horizons of the other 
profiles are all alkaline and in most cases calcareous. The maximum pH of 
8.3 is in the Fillmore 83. 
The percentage saturation by calcium plus magnesium is about what would 
be expected in the light of data already presented. In the A horizons, the 
percentage saturation decreases from 87.0 in the Crete to a minimum of 63.2 
in the Scott. In the B2 1 horizons a relatively constant value of about 92 per 
cent is shown for all of the series. 
That the soils of the Crete, Butler, Fillmore, and Scott series were developed 
under conditions of excess salts, probably sodium, has been suggested (12 ). 
No data have been found in the literature which would prove or disprove this 
suggestion. In Table 8 are the data for 18 selected samples, for which ex-
changeable sodium, potassium, calcium, and magnesium have been determined. 
This list includes samples from parts of the A, B, and C horizons of the Crete, 
Butler, and Fillmore profiles, and from the A and B horizons of the Scott 
profile. 
The amount of exchangeable hydrogen has been calculated for the noncal-
careous horizons. These figures, when compared with the pH values, sub-
stantiate the general accuracy of the data for exchangeable bases. Only small 
amounts of exchangeable sodium were found. The percentage saturation by 
sodium ranges from 0.7 in sample 8949 to 5.5 in sample 8923. While samples 
8921, 8923, and 8925 show rather high amounts of exchangeable sodium, as 
compared with the other samples in the table, the absolute amounts are still 
small. These data present no evidence that these soils were developed under 
the influence of sodium salts. 
Color of Upper Horizons of Fillmore and Scott Soils 
A composite description of the upper part of the Fillmore profile has been 
obtained from the work of Hayes ( 10) and from the soil survey bulletins of 
several counties in southeastern Nebraska ( 11, 12). 
The topsoils are high in organic matter, and are commonl y very dark, but 
all of them contain significant amounts of white, flour y sil t, from which the 
organic material has been leached Locall y this gray silty material may be 
sufficiently abundant to produce an almost white horizon, several inches in 
thickness. T he upper subsoil is extremely compact, nearly black, and contains 
scattered dark, indurated fcrruginous concretions. 
A composite description of the upper part of the Scott profile has been 
obtained from the same sources. 
The topsoils range from nearly black :o rather light, with a lighter color 
near the base. This lighter color results from the presence of silt particles, 
from which the organic matter has been leached. This leached silt may occur 
either as a sprinkling or as a gray horizon . The upper subsoil is commonly 
dark grayish-brow n where stained by organic solutions from the topsoil. 
The italics have been added. 
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This concept of the causes of the colors in the gray layers and the black 
pans has persisted, although Russel, in 1928, published nitrogen data which 
refuted the idea that gray layers were leached of their organic matter (15). 
TABLE 9.- Relative color of extracted humus, oxidizable material by the 
Walkley-Black method, and total organic matter by the modified Robinson 
method for selected samples from Fillmore, Scott, and Butler series. 
Sample 
I Horizon 
Relative Oxidi:mble material Organic m atter 
number humus color meq./ g. % 
F ILLMORE 
8882 A, 84 12.0 6.0 
8883 A2 89 4.3 2.5 
8884 B21 77 2.2 1.3 
FILLMORE 
89 18 A, JOO 8.0 4.3 
89 19 A2 122 2.7 1.5 
8920 B21 98 2.5 1.3 
SCOTT 
8950 A, 95 11.9 6.5 
8951 A21 134 4.7 2.5 
8952 An 128 1.7 0.9 
8953 B,, 126 1.2 0.7 
BUTLER 
88(i6 A, 1 90 6.4 
8867 Ai 2 83 4.0 
8868 B21 38 2.7 
In 1933, Brown, Rice, and Byers 4) confirmed this fact by the direct deter-
mination of the organic matter content, by oxidation with hydrogen peroxide, 
of samples from a Fillmore profile. In Table 9 are organic matter percentages, 
determined directly by oxidation with hydrogen peroxide, which follow the 
trends of the data for oxidizable material. 
Russel presented a theory to explain these color variations, but he offered 
little substantiative data . His explanation will be reviewed here ; data related 
to certain points in his discussion will be mentioned. His theories were based 
primarily on the color of the mineral substrate of the different samples, as de-
termined after the removal of the organic matter by oxidation with hydrogen 
peroxide. In the case of the Hastings and Crete samples, the substrate was 
brown, the 1 being the brownest in the profile. The base color in the Fill-
more and the Scott profiles, on the other hand, was gray, the darkest substrate 
again being found in the B2 1 -
Russel has drawn certain conclusions from these data: 
[In Fillmore] and in Scott ... th e g ray layer is gra y because it is lower 
in organic matter than the section above, and has a g ray substrate. The 
layer above has just as g ra y a substrate, but is black because it has organic 
matter in it .. . The claypa ns ... likewise h ave g ra y substra tes but they 
are a darker gray than in the A layer, due possibl y to higher clay concen tra-
tion . H ence, even though th ey do contain less organic matter than the gray 
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layers above, they are darker. Furthermore these pans are blackish because 
their substrates are g ray. The claypans in the other profiles [ Crete and Has-
tings] are brown because the substrates arc brown. 
This explanation of the color differences within the topsoil is not complete. 
It is fa irly satisfactory if one is thinking of the color of the powdered soil 
samples in the laboratory, for then the samples from the gray layers are not 
markedly lighter than those from the A1 . In the field, however, these gray 
layers are often very much lighter than surface soils. Furthermore, the line 
between the dark A1 and the light A2 is sometimes as sharp as is the line be-
tween the A2 and the B2 1 . This sharp line remains unexplained. 
Russel advanced a hypothesis to explain the gray and brown substrates. He 
suggested that the explanation might be fou nd either in the state of oxidation 
of iron, or in total iron content, or both. He considered the F illmore and Scott 
as soils in which considerable leaching of iron is occurring, the Crete and 
H astings as soils in which relatively little iron is leaching downward. 
Brown, Rice, and Byers made complete chemical analyses of samples from 
Fillmore, Crete, and H astings profiles. In the case of the Fillmore, they found 
"a very slight amount of fractionation of the colloid which is so marked in 
podzol soils. The colloid of these soils, when the organic matter is removed 
by hydrogen peroxide, is grayish white, and this would indicate that but a 
very small quantity of fe rric oxide or hydroxide can be present as such." They 
found evidence to indicate "that podzolization is slight" for the Crete, and that 
"incipient fractionation of the colloid" is observed in the Hastings. Their 
analyses do not show a difference marked enough to bear out Russel's h y-
pothesis that the brown and gray substrate colors are due to differences in total 
iron content. The possibility remains, as suggested by Russel, that the state 
of oxidation of the iron is a contributing factor. 
Pigmentation has been suggested as a partial explanation for these color 
phenomena. A limited amount of data, somewhat contradictory in nature, 
has been obtained along this line. It is presented in Table 9. T he figures, 
based on sample 8918 as a standard, indicate the relative blackness of am-
moniacal extracts from soil samples, when these extracts are diluted to contain 
equal-weight concentrations of combustible material (7 ). The extract from 
the Butler B2 1 has an extremely low relative humus color of 38, as compared 
with 77 and 98 for the B2 horizons of the two F illmore profiles, and 126 for 
the B2 1 of the Scott. The contradictory nature of these data is evident, how-
ever, when one considers the high relative humus colors of 89, 122, 134, and 
128, which were found for the ammoniacal extracts from the gray layers. 
Certain parts of the existing theory concerning these color differences have 
been substantiated, while others have been questioned or shown to be without 
foundation. Little that is constructive can be offered. Obviously the problem 
needs further research for its solution. 
Recognition of Gray Layers in Various Degrees of Development 
Those data presented in previous sections d id not make it possible to sepa-
rate the nondepression soils, recently mapped as Butler in southeastern Ne-
braska, from soils of the Crete series. Already noted is the similarity of these 
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two groups of soils, with respect to profile characteristics observed in the field. 
None of these nondepression profiles possessed more than the merest sprinkling 
of gray in the lower topsoil, and thus all would be called Crete were the ex-
tent of the gray layer to be used as the primary criterion for the separation of 
these soils. From the data previously presented and from the field observa-
tions it would follow that the Crete series should be mapped extensively at the 
expense of the Butler series in the loess-capped flats in southeastern Nebraska. 
TABLE 10.- Hygroscopic coefficient, moisture equivalent, and liquid limit per-
centages for upper profile samples from Crete and Butler areas. 
Sample 
I 
Depth I Hygros~opic I Moisture Liquid limit 
number Horizon In. coefficient equivalent % % % 
1. CRETE TYPE LOCATION, CULTIVATED 
9383 Au 0- 6 9.5 28.8 35.3 
9384 Ai 2 6-10 10.2 29.3 41.0 
9385 A1 a 10- 15 11.8 31.0 45.9 
9386 A3 15- 19 13.1 32 .4 50.6 
9387 B2 19- 25 15.4 33.5 52.1 
2. BUTLER TYPE LOCATION, CULTIVATED, FLAT UPLAND, MICRODEPRESSION 
9344 A11 0- 7 8.4 27.0 32.6 
9345 A12 7-12 8.2 27.2 35.0 
9346 A21 12- 17 8.6 27.3 37.7 
9347 A,. 17-19 8.2 26.7 34.5 
9348 Aa 19-21 10.1 26.8 38.1 
9349 B2 21-26 15.2 31.9 52 .6 
3. BUTLER, NATIVE GRASS, FLAT UPLAND, MICRODEPRESSION 
9363 A1.1 0 - 3 10.3 28.1 36.9 
9364 A12 3- 7 9.9 29.5 41.5 
9365 A, 7- 9 9.7 28.4 40.2 
9366 Aa 9-11 11.2 29.7 41.0 
9367 B, 11- 16 18.7 36.9 59.2 
4. BUTLER TYPE LOCATION, NATIVE GRASS, DEPRESSION 
9378 A11 0- 5 14.1 35.8 48.7 
9379 A, 2 5- 8 12.4 29.7 44.l 
9380 A, a 8-12 10.5 27.9 37.0 
9381 A, 12-14 7.6 23.9 28.7 
9382 B2 14- 20 17.3 40.6 66.8 
5. BUTLER, CULTIVATED, DEPRESSION 
9350 A11 0- 7 7.6 29.8 32.9 
9351 A12 7-14 8.4 28.7 36.5 
9352 A21 14-17 8.5 26.4 35.1 
9353 A22 17-20 I 0.3 27.2 39.6 
9354 B, 20- 25 17.0 34.6 57.3 
In order to compare Crete soils with the Butler soils that were mapped 
earlier, several profiles of soils which did correspond with the original Butler 
description were located and sampled. These profiles exhibited gray sprin-
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klings above the claypan. The objective was to determine with what ease the 
layer of gray sprinklings-an incipient gray layer-might be recognized in the 
laboratory. It was found that when cultivation had mixed the upper horizons 
of the profile those data obtained fa iled to reveal the presence of gray sprin-
klings, although they were clearly evident in the field. Under undisturbed con-
ditions, however, this layer was different in character from the upper topsoil, 
as measured by hygroscopic coefficient, moisture equivalent, and liquid limit. 
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In Table 10 are the tabulated data. The Crete samples (profile 1) were 
from a corn field in Jefferson county. The soil was developed to a sufficient 
depth that cultivation had not affected the zone of transition from the A to the 
B horizon. Profile 2 was obtained at a type location in Cass county. The 
fl.at upland area evidently was under the influence of microrelief, as judged 
by the character of the profile. Profile 3 was sampled from a similar fl.at up-
land in Gage county. Profiles 4 and 5 were sampled from areas which obvi-
ously were depressions, number 4 from Jefferson county, and number 5 from 
Cass county. 
These data, as well as the curves in Figure 10, illustrate that incipient gray 
layers can be recognized in the laboratory. The two determinations, moisture 
equivalent and liquid limit, are particularly useful in this respect. The true 
Butler profiles differ from the Crete profile in that they show decreased per-
centages for the three determinations within the incipient gray layer. Some 
Crete profiles can be expected to exhibit a sharper line of demarcation between 
the A and B horizons, but no Crete profile would exhibit decreased percentages 
in the layer just above the B horizon. The Butler profile with a sharp gray 
layer ( number 4 ), as characterized in Table 10, somewhat resembles a Fillmore 
profile (Tables 2 and 3). This fact was recognized in the field, when the 
sharpness of the delineation of the gray horizon, and the presence of indurated 
iron concretions in the upper B were noted. 
SIGNIFICANCE OF PHYSICAL AND CHEMICAL PROPERTIES 
IN THE DIFFERENTIATION OF HASTINGS, CRETE, 
BUTLER, FILLMORE, AND SCOTT SERIES 
Certain fairly definite morphological characteristics for each soil series must 
be set up by the soil surveyor, if he is to recognize series differences. It is 
realized, of course, that there will be no sharp line of demarcation between 
related series. In regions of transition from one great soil group to another, 
in particular, the series designation will often need to be arbitrary. Type loca-
tions for each series are established to illustrate the ideal, from which certain 
departures must be permitted in actual mapping. These type locations, then , 
should exhibit definite differences, not only morphologically, but also physically 
and chemically. Morphological differences are necessary in order to make 
mapping possible, but these characters should be indicative of physical and 
chemical differences as well. 
In the field, Hastings soils must be separated from those of the Crete and 
Holdrege series. Only the separation from the Crete soils has been studied 
here. Crete soils are described as having a true claypan; Hastings soils have 
a distinct accumulation of clay, but this horizon has not attained the character 
of a claypan. This is the primary basis for the differentiation of these soils in 
the field. The tables and curves in the preceding pages have borne out the 
justification of this separation. The claypan character of the typical Crete B 
has been shown to be different from the nature of the typical Hastings B 
horizon by the following data: hygroscopic coefficient, moisture equivalent, 
liquid limit, plasticity index, and total exchange capacity. 
It must be admitted, however, that the field separation of the soils of these 
series is a difficult task. Recognition of the degree of accumulation of clay in 
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the B horizon is complicated by the changing moisture content during a map-
ping season, and between seasons. This complication might be lessened to 
some degree. The term "claypan" needs to be defined more strictly, and this 
definition adhered to more closely. As used in this paper, the term refers to a
genetic horizon in the upper B horizon, more dense and higher in clay con-
tent than the horizons above and below. It is sharply separated, texturally 
and structurally, from the lower A horizon. If this latter fact is kept in mind 
while a profile is being examined, changes in moisture content should result 
in less confusion in claypan recognition. A further aid would be to obtain the 
clay content of samples from an occasional doubtful profile, sampled by 2 or 3-
inch sections, into the B horizon. These data, when graphed against depth, 
would aid in naming the series for that particular profile. That profile would 
serve as a reference for the solution of future similar problems in the area. 
Border line as well as typical profiles could well be established and analyzed 
with greater care than is now the case. 
Butler soils must be separated from those of the Crete and Fillmore series 
by the surveyor. Originally topography and degree of relief were the chief 
aids in delineating these boundaries, morphological characters being used to 
support this differentiation 12). Crete soils, mapped in the better drained 
areas, had a browner claypan than that found in Butler or Fillmore profiles. 
Butler soils were in areas of imperfect surface drainage, and had a grayish-
brown to black claypan. A considerable accumulation of gray sprinklings was 
permissible in the lower part of the Butler A horizon. Fillmore soils were 
described as having poor surface drainage, a lighter colored horizon and 
particularly as having indurated iron concretions in the claypan. Such con-
cretions were said to be rare or absent in Butler claypans. 
Since 1936 Butler soils have been mapped elsewhere than in depressions, 
and thus the simplest means of separating Butler and Crete soils was lost. 
The color of the claypan and the geographic location became the chief means 
of separating the two. Not only is it difficult to be consistent in the recogni-
tion of color differences in the field, but also it is questionable whether small 
color differences are indicative of real physical and chemical differences. As 
already suggested, it would probably have been better to enlarge the concept 
of Crete to permit darker subsoils, and to apply that name to many of the 
soils of southeastern Nebraska, recently mapped as Butler. These soils, as 
they were observed during the course of this study, had no sprinkling of gray 
in the lower topsoil. Butler could then be reserved as a name for those soils 
with a definite sprinkling of gray in the lower topsoil, which would usually 
limit them also to their original position in depressions. This concept of the 
Butler profile is not presented as a new idea, for it coincides with the Butler 
description as presented by Hayes ( 11) at the time of the revision of the 
Grundy series. That Butler soils were regarded as being more like those of 
the Fillmore than those of the Crete series is evident from the original Butler 
designation: Black claypan Grundy, granular phase. Black claypan Grundy 
was later called Fillmore. 
As a criterion for the separation of Butler and Crete, the presence or ab-
sence of the gray sprinklings in the would be preferable to the color of the 
claypan. The use of the former would be advantageous from the point of 
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view not only of ease of separation in the field, but also of significance as far 
as physical and chemical differences in the profile are concerned. 
Although it is probable that all soils with a true Butler profile were de-
veloped under conditions of imperfect surface drainage, the depression char-
acter of the topography is not always apparent. This fact was recognized 
when Butler soils were first described as occurring on nearly level uplands. 
Two of the soils discussed in connection with Table 10 were not in recognizable 
depressions, but the profiles were those of Butler soils. When these areas have 
been freshly cultivated their extent may be easily recognized by the grayish 
cast on the surface. At other times, when vegetation has covered the area, 
they can be delineated only by frequent sampling. Thus it is probable that 
some Butler areas will be missed in mapping. From the point of view of 
land values, the recognition of Butler areas is of prime importance only when 
they are subject to inundation, so that such errors of omission as might occur 
would not be serious. 
In the field, Fillmore and Butler soils have been separated on the basis of 
presence or absence of iron concretions in the claypan, rather than on the extent 
of the gray layer (10 ). The Fillmore profile, as sampled for this study, had 
a definite gray layer. This property is a striking one in the field, and its 
presence has been shown to be correlated with a profile development markedly 
different from that of "Lancaster county Butler," on the basis of laboratory 
studies. The true Butler (Table 10) is more closely related to the Fillmore 
soils. Except under conditions of maximum disturbance, however, the two 
can be separated in the field because of the more distinct grayness of the Fill-
more A2 • Both because of its significance, and because of its distinct char-
acter, the gray layer would be preferable to the iron concretions, as a criterion 
for series differentiation. 
The Scott profile differs from the Fillmore in that it has a grayish cast in 
the claypan, and has no lime zone. The claypan of the Scott is described as 
being one of the thickest and most compact in the Plains Region. The Scott 
profile sampled for this work had a deep claypan, with a high volume weight 
throughout, but its horizon of maximum volume weight was no more dense 
than the corresponding horizon of the Fillmore profile. Limited sampling of 
the Scott series makes exact characterization impossible, from the point of view 
of physical and chemical properties. No doubt it is often mapped on the basis 
of relief, for the areas are frequently either too wet or too dry to permit careful 
examination. Probably this method of delineating Scott soils is as exact as is 
practical. 
SUMMARY AND CONCLUSIONS 
1. The history of the revision of the Grundy series in Nebraska has been 
presented. This revision resulted in the recognition of the following series: 
Fillmore, Butler, Crete, and Hastings. The Scott series is related to this group. 
2. No quantitative data concerning the chemical and physical properties of 
soils of the Butler series have been found in the literature. Laboratory data 
were needed, particularly since Butler is being mapped throughout a large 
area, and under diverse conditions of relief. Soils of the Hastings, Crete, 
Fillmore, and Scott series were in need of more definite characterization in the 
laboratory. 
ScoTT, FILLMORE, BUTLER, CRETE, AND HASTINGS SERIES 41 
3. Twelve complete profiles were sampled. These include one from the 
Scott, two from the Fillmore, six from the Butler, two from the Crete, and one 
from the Hastings series. In addition, samples were taken from the A and 
upper B horizons of five profiles, one from the Crete and four from the Butler 
senes. 
4. The following physical properties were determined for the samples from 
the complete profiles: hygroscopic coefficient, moisture equivalent, lowei:- plastic 
limit, and liquid limit. Volume weight determinations were made in the 
horizons of nine profiles. Liquid limit, hygroscopic coefficient, and moisture 
equivalent determinations were made for the samples from the five shallow 
profiles. 
5. The following chemical data were obtained for all samples from the 
complete profiles: oxidizable material, -pH, carbonate content, exchange ca-
pacity, and total nitrogen. Exchangeable calcium and magnesium were de-
termined for noncalcareous samples. Exchangeable sodium and potassium 
were determined for 18 selected samples. Relative humus color was deter-
mined for 13 selected samples. 
6. The data concerning the physical and chemical characteristics of the soils 
of the different series were combined to give profiles with a maximum of six 
horizons. The data for the average profiles were calculated by taking weighted 
averages of the values for individual soil samples. The characteristics of these 
average profiles are presented both in tabular and in graphical form. 
7. The lack of a claypan in the Hastings profile is used in the field to dif-
ferentiate the soils of that series from those of the Crete. The definite char-
acter of this separation is apparent from the hygroscopic coefficient, moisture 
equiva_lent, liquid limit, plasticity index, and total exchange capacity data for 
the B horizons of the profiles representing these series. 
8. From the laboratory data obtained for soils of the Crete and Butler series, 
as the latter have recently been mapped in Lancaster county and elsewhere, 
no line could be drawn separating the two. The suggestion has been made 
that the name Butler is now being applied where Crete should be the prefer-
able series designation. Butler could then be reserved as a name for those 
soils with a definite sprinkling of gray in the lower topsoil, and with a dark 
grayish-brown pan. This would conform with the original description of soils 
of the Butler series. 
9. Type locations of Butler soils which have this morphology were observed 
and sampled. Data for the hygroscopic coefficient, moisture equivalent, and 
liquid limit of these samples support the suggested limitation of the name 
Butler to soils of these characteristics. 
10. In the field, Fillmore soils are separated from those of the Butler series 
largely on the basis of the presence of iron concretions in the claypan of the 
former. Judging from the profiles studied in this work, the two could be 
separated more satisfactorily on the basis of the intensity and thickness of the 
gray layer. The presence of a gray layer has been shown to be correlated with 
a profile development different from that found when the gray layer has not 
formed. These differences are shown by the data from the following deter-
minations: hygroscopic coefficient, moisture equivalent, liquid limit, exchange 
capacity, pH, and percentage saturation by calcium plus magnesium. 
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11. Limited sampling of the Scott series makes exact characterization im-
possible. Scott is often mapped on the basis of relief, and such a method of 
separating it from Fillmore is probably sufficiently exact. 
12. The volume relationships of soil, air, and water at different moisture 
values were presented for five individual profiles. The profiles of the Crete, 
Butler, and Fillmore series were similar, with the least noncapillary pore space 
in the claypan. Among these profiles the Fillmore claypan had the least such 
pore space. The Scott profile exhibited a low noncapillary pore space through-
out the subsoil. 
13. The literature concerning the gray layer in the A2 of the Fillmore and 
Scott series has been reviewed, and some new data presented. The complete 
explanation of the observed color phenomena must await further research. 
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